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H[SHQVLYHFRPSDUHGWRWKHLUYROXPH-RLQLQJRISDUWVPDGHE\DGGLWLYHPDQXIDFWXULQJWRZURXJKWDQGIRUJHGSDUWV
FRXOG HQDEOH LQGXVWU\ WR IXOO\ H[SORLW GHVLJQ DQG PDWHULDO FRPELQDWLRQ EHQHILWV DQG EHLQJ VLPXOWDQHRXVO\
HFRQRPLFDOO\DWWUDFWLYH
$GGLWLYHO\SURGXFHGPDWHULDOVKDYHVSHFLILFSURSHUWLHV LQ WHUPVRIPLFURVWUXFWXUH WH[WXUHDQGUHVLGXDOVWUHVVHV
ZKLFK GLIIHU IURP WKRVH RI ZURXJKWPDWHULDOV 7KHUH LV DOVR D GLIIHUHQFH WR FDVW SDUWV ZKLFK VKRZPRUH RU OHVV
LVRWURSLFPDWHULDOSURSHUWLHVGXHWRWKHLUHTXLD[HGVROLGLILFDWLRQVWUXFWXUH)RUDVXFFHVVIXOLQGXVWULDOLPSOHPHQWDWLRQ
RIWKHSURSRVHGFRPELQDWLRQRI/%:DQG/$0MRLQLQJNQRZOHGJHDERXWWKHDERYHPHQWLRQHGSURSHUWLHVDVZHOODV
WKHFRPSOHWHSURFHVVLQJURXWHDQGPHFKDQLFDOSURSHUWLHVDUHUHTXLUHG

D0DFURVHFWLRQ E+$= F:HOGFHQWUHOLQH G+$=
)LJ&URVVVHFWLRQVRIDZHOGHGMRLQWEHWZHHQDFDVW6WHOOLWHDQGDZURXJKW1LPRQLF
$WWKHH[DPSOHRIDWXUELQHFRPSRQHQWRSHUDWHGDW&DW\SLFDOGLVVLPLODUPDWHULDOMRLQLQJRI6WHOOLWH
SURGXFHGE\/DVHU0HWDO'HSRVLWLRQ/0'WRDZURXJKW1LPRQLFZLOOEHGHPRQVWUDWHG,QJHQHUDO
WKH FRPELQDWLRQ LV VXLWDEOH IRU ZHOGLQJ DV GHPRQVWUDWHG LQ ILJXUH  DW WKH H[DPSOH RI D MRLQW EHWZHHQ FDVW DQG
ZURXJKWSDUW7KHKHDWLQSXWKDVWREHFRQWUROOHGPHWLFXORXVO\
7DEOH&RPSRVLWLRQRIWKHDOOR\VLQZHLJKWSHUFHQW
  & 0Q 6L &U 1L )H &R : 7L
      EDO    
        EDO  

7KURXJKRXW WKH VWXG\ WKH 6WHOOLWH  SDUW VLPXODWHV D FDVW VWUXFWXUH ± RU LWV UHSODFHPHQW 7KH VWXG\ SXUVXHV D
FRXSOHRIDLPV)LUVWO\OHDUQLQJDERXWWKHZHOGPHWDOOXUJ\RIGLVVLPLODUZHOGVDQGDFRPSDULVRQWRDFDVWSDUWQHU
6HFRQGO\ DQ XQGHUVWDQGLQJ RI WKH ERXQGDU\ FRQGLWLRQ IRUZHOGLQJ RI/0'SURGXFHG SDUWV DQG WKH HIIHFW RI WKH
EXLOGLQJVWUDWHJ\RQWKHPHFKDQLFDOSURSHUWLHVRIWKHZHOGHGMRLQWV7KLVZLOOEHKLJKOLJKWHGE\DQDVVHVVPHQWRIWKH
VWUHQJWK DQG WKH GHIRUPDWLRQEHKDYLRXU RI WKHZHOGHG VWUXFWXUH7KLUGO\ DWWDLQLQJ LQVLJKW LQ WKHZHOGPHWDOOXUJ\
ZLWK YLHZ WRPL[LQJ RI WKHPDWHULDO DQG WKH UHVXOWLQJPLFURVWUXFWXUHV DQG UHODWHG WR WKLV DFFHVVLQJ WKH IUDFWXUH
PRGHVRIWKHSDUWVZHOGHG
7KH UHVXOWV DUHQRW UHVWULFWHG WR WXUELQHPDQXIDFWXULQJ7KH\DUHDSSOLFDEOH IRUZHOGLQJRI FRPSRQHQWV IRU WKH
DSSOLFDWLRQLQKRWDQGRUKDUVKHQYLURQPHQWVJXLGHGE\WKHPDWHULDOVVHOHFWHG
([SHULPHQWDO
2.1. Materials 
7KH1LPRQLFLVGHOLYHUHGDVFROGUROOHGVKHHWPDWHULDOVRIPPWKLFNQHVVLQDQQHDOHGVWDWH,WLVD
QLFNHOFKURPLXPDOOR\ZLWKFRQWUROOHGFRQWHQWRIFDUERQDQGWLWDQLXP6SHFLDO$OOR\V&RUSRUDWLRQ0DWHULDO
6WHOOLWH  LV D FREDOWEDVH KLJKWHPSHUDWXUH VXSHUDOOR\ PDGH IRU FDVWLQJ ZKLFK LV RIWHQ XVHG LQ JDV WXUELQH
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HQJLQHVLQDUHDVVXEMHFWWRKRWJDVHURVLRQ7KHDOOR\FRQVWLWXWLRQVRIWKHPDWHULDOVXQGHULQYHVWLJDWLRQDUHJLYHQLQ
7DEOH
7DEOH0HFKDQLFDOSURSHUWLHVRIWKHZURXJKWDQGFDVWEDVHPDWHULDOV
 7&  
5S03D   
5P03D   
$   
9+1   
5S03D   
5P03D   
$   
7KHXOWLPDWHWHQVLOHVWUHQJWKRIUDQJHVEHWZHHQDQG03D9'*7KHDFWXDOYDOXHVGHSHQG
RQWKHSURGXFWLRQDQGSURFHVVLQJURXWH6FKXOPHLVWHU'HORUR6WHOOLWH0D[LPXPVWUHQJWKFDQEHDWWDLQHGE\
H[WUXVLRQIURPSRZGHU)UHFKH7KHYDOXHVLQ7DEOHDUHFRPSLOHGIURPGLIIHUHQWVRXUFHV
2.2. Approach 
)RU/$0RI6WHOOLWHSRZGHUZLWKDJUDLQVL]HGLVWULEXWLRQRIPVXSSOLHGE\.HQQD0HWDO6WHOOLWHZDV
XVHG )RU WKH EDVH D SODWHPDGH RI& ZDV XVHG 3RZGHUZDV IHGZLWK D 6XO]HU0HWFR7ZLQ SRZGHU
KRSSHU)RUSRZGHUIHHGLQJDQGDVVKLHOGLQJJDVQR]]OHD,/7WKUHHMHWSRZGHUQR]]OHZDVXVHG$VSRZGHUIHHGLQJ
JDV DQG VKLHOGLQJ JDV IRU WKHPHOWSRRO $UJRQZDV XVHG )RU SURFHVVLQJ RI WKH 6WHOOLWH  VDPSOHV D GLVF ODVHU
7UXGLVNZDVXWLOLVHG%\XVHRIDPRWRUL]HGFROOLPDWLRQRI WKHRSWLF ODVHU VSRW VL]H LVDGMXVWDEOHGXULQJ WKH
GHSRVLWLRQSURFHVV
6FUHHQLQJ H[SHULPHQWV IRU GHWHUPLQLQJ PDLQ /0' SURFHVV SDUDPHWHUV ± VXFK DV ODVHU EHDP SRZHU 3/ DQG
SRZGHUPDVVIORZP3DWDFRQVWDQWVFDQQLQJVSHHGYYDQGODVHUVSRWVL]HRQVXEVWUDWHG/±IRU/0'RIVLQJOHWUDFNV
ZHUHSHUIRUPHG7KHVFUHHQLQJH[SHULPHQWVFRYHUDSURFHVVZLQGRZRIIROORZLQJSURFHVVSDUDPHWHUVEHDPSRZHU
:SRZGHUPDVV IORZ JPLQ DW FRQVWDQW IHHG UDWHPPLQDQGFRQVWDQW VSRWGLDPHWHURI WKH
ODVHUEHDPRIPP
)URP WKLV VFUHHQLQJ H[SHULPHQWV SURFHVV SDUDPHWHUV ZHUH GHULYHG ZLWK ZKLFK FXERLGV ZHUH EXLOW ZLWK D
XQLGLUHFWLRQDOEXLOGXSVWUDWHJ\)LJWRSULJKW:LWKDILUVWVHWRI/0'SURFHVVSDUDPHWHUVD6WHOOLWHFXERLG
ZLWKOD\HUVZDVEXLOWDQGHYDOXDWHGE\PHDQVRIPHWDOORJUDSK\)LJWRSOHIW,QPHWDOORJUDSKLFSUHSDUHGFURVV

)LJ/0'SURFHVVGHYHORSPHQWVFKHPHDQGEXLOWXSVWUDWHJLHV
 Martin Dahmen and Marco Göbel /  Physics Procedia  83 ( 2016 )  426 – 436 429
VHFWLRQVDIHZSRUHVZLWKDGLDPHWHURI±PIHZFUDFNVRIPOHQJWKDQGDODFNRIIXVLRQRIWKH
EXLOWXS PDWHULDO WR WKH VXEVWUDWH ZDV GHWHFWHG 7KHUHIRUH ZLWK DQ LWHUDWLYH H[SHULPHQWDO SURFHGXUH WKH /0'
SURFHVVSDUDPHWHUVZHUHDGDSWHGWRPLQLPL]HWKHHQHUJ\LQSXWSHUYROXPHLQRUGHUWRUHGXFHQXPEHUDQGOHQJWKRI
FUDFNVDQGPLQLPL]HQXPEHUDQGVL]HRISRUHVVLPXOWDQHRXVO\
,QRUGHUWRSUHSDUHWKHZHOGHGEDUVIRUFXWWLQJWKH\ZHUHVWUHVVUHOLHYHGDW&IRUKRXUVIROORZHGE\IXUQDFH
FRROLQJ7KHEDUVZHUHWKHQGU\PLOOHGXVLQJDKDUGPHWDOWRROZLWK.W\SHFHPHQWHGFDUELGHDQGD6L17L$O1
FRDWLQJ%ORFNV IRU î î PP VL]HZHUH FXW E\('0DQGPLOOHG RQ WKH MRLQW HGJHV7KHVH EORFNVZHUH
DUUDQJHGEHWZHHQWZRVWULSVRI1LPRQLFDQGZHOGHGZLWKWZRVHDPV)RUZHOGLQJD&2ODVHUZDVXVHG$UDZ
EHDPZLWKPPGLDPHWHUZDVIRFXVHGE\DSDUDEROLFPLUURUZLWKDIRFDOOHQJWKRIPPOHDGLQJWRDVSRWVL]H
RIP7KHEHDPSRZHUZDVVHWWRN:DQGWKHZHOGLQJIHHGUDWHWRPPLQ$VDVVLVWJDVKHOLXPDWDIORZ
UDWHRIOPLQZDVXVHG7KHURRWZDVSURWHFWHGZLWKDUJRQDWDIORZUDWHRIOPLQ:HOGLQJZDVFRQGXFWHGDW
URRPWHPSHUDWXUH$OOVSHFLPHQVZHUHZHOGHGDVVTXDUHEXWWMRLQWV$IWHUZHOGLQJWKHVSHFLPHQVZHUHPLOOHGDJDLQ
WRVKDSHJLYLQJDUHGXFHGWHQVLOHVSHFLPHQRIPPOHQJWKDWPPZLGWKDQGPPWKLFNQHVV7HQVLOHWHVWLQJ
ZDVFDUULHGRXWORDGFRQWUROOHGZLWKDGHIRUPDWLRQUDWHRIPLQ
7HVWLQJ GLUHFWLRQ ZDV SHUSHQGLFXODU DQG SDUDOOHO WR WKH EXLOGXS GLUHFWLRQ DW URRP WHPSHUDWXUH & DQG
RSHUDWLRQWHPSHUDWXUHRI&+DOIRI WKHVSHFLPHQVXQGHUZHQWDSRVWZHOGKHDW WUHDWPHQWDW&IRUKRXU
IROORZHGE\FRROLQJ LQ VWLOO DLU7KHVDPSOH VL]HDPRXQWHG WRSHUSDUDPHWHU ORDGGLUHFWLRQKHDW WUHDWPHQW DQG
WHVWLQJWHPSHUDWXUH
$QDO\VLVPHWKRGDSSOLHGZHUHPHWDOORJUDSKLFLQVSHFWLRQRIWKHDVZHOGHGVSHFLPHQVDQGWKHWHQVLOHSUREHV3ULRU
WRYLVXDOL]DWLRQE\RSWLFDOPLFURVFRSHV WKHVHFWLRQVZHUHJURXQGDQGSROLVKHG)RUFRQWUDVWLQJ$GOHU¶V UHDJHQWDV
ZHOO DV+32DW D FRQFHQWUDWLRQRI LQHOHFWURO\WLF HWFKLQJDW9DQG$ IRU VZDVXVHG7KH IUDFWXUH
VXUIDFHVZHUHDQDO\VHGE\6(0

)LJ&KDUDFWHUL]DWLRQRIVKDSHZHOGHGEDUV7RSOHIW0DFURVHFWLRQRID6WHOOLWHFXERLGSURGXFHGXQGHULQLWLDOSURFHVVSDUDPHWHUV
%RWWRPOHIW9HUWLFDODQGKRUL]RQWDO9LFNHUVKDUGQHVVSURILOHV5LJKW'HWDLOVRIH[HPSODU\GHIHFWV9RLGVKRWFUDFNVODFNRIIXVLRQ
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5HVXOWV
3.1. Laser shape welded bars of 2.4682 
,Q RUGHU WR GHFUHDVH WKH QXPEHU RI FUDFNV DQG WKHLU OHQJWK WKH HQHUJ\ LQSXW LQWR WKH EXLOWXS PDWHULDO ZDV
UHGXFHG%\LQFUHDVHRIOD\HUKHLJKWG=VWHSRYHUG;<VHH)LJOHIWDQGGHFUHDVHRIEHDPSRZHU3/WKHQXPEHU
DQG OHQJWK RI FUDFNV LV GHFUHDVHG VLPXOWDQHRXVO\ DYRLGLQJ RFFXUUHQFH RI SRUHV RU LQWHUOD\HU ODFN RI IXVLRQ%\
GHFUHDVLQJWKHODVHUEHDPSRZHU3/ODFNRIIXVLRQGHIHFWVLQWKHERQGLQJ]RQHEHWZHHQVXEVWUDWHDQG/0'PDWHULDO
DUHGHWHFWHG7KHUHIRUHWKHEHDPSRZHULVLQFUHDVHGGXULQJGHSRVLWLRQRIWKHILUVWWZROD\HUVLQRUGHUWRVDIHJXDUG
WKHERQGLQJEHWZHHQVXEVWUDWHDQGEXLOGXSPDWHULDO%RWKDFWLRQV OHG WR IROORZLQJ/0'SURFHVVSDUDPHWHUVDQG
SURFHVVVWUDWHJ\

x /D\HUVDQG3/ :P3 JPLQDWYY PPLQDQGG/ PP
x /D\HUV±3/ :P3 JPLQDWYY PPLQDQGG/ PP

)RUDOOOD\HUVDVWHSRYHUG;< PPDVZHOODVWKHOD\HUKHLJKWRIG= PPDUHXVHG

D3ODQHVHFWLRQ E/RQJLWXGLQDOVHFWLRQ F&URVVVHFWLRQ
G0LFURJUDSKIURPSODQHVHFWLRQ H 0LFURJUDSK IURP ORQJLWXGLQDO
VHFWLRQ
I0LFURJUDSKIURPFURVVVHFWLRQ
)LJ0DFURDQGPLFURVHFWLRQVRIWKH/0'SURGXFHG
)LJXUH  D WR F VKRZV D VHW RIPDFUR VHFWLRQV RI WKH DVGHSRVLWHG EDUV 7KH SODQH VHFWLRQ LQGLFDWHV D UHJXODU
GHSRVLWLRQ RI WKH VLQJOH OD\HUV ZLWK VWUDLJKW VHFWLRQV RI WKH IXVLRQ ERXQGDULHV )URP WKH ORQJLWXGLQDO VHFWLRQ D
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XQLIRUPKHLJKW RIPRI WKH ILUVW WZR OD\HUV DQG DSSUR[LPDWHO\ PRI WKH IROORZLQJ OD\HUV FDQEH
VHHQ7KHGDUNHUDUHDVDUHWKHEXONRIWKHOD\HUVDQGWKHEULJKWDUHDVDUHWKHKHDWDIIHFWHGDQGRUUHPHOWHG]RQHVLQ
WKHSUHFHGLQJOD\HUV,QWKHFURVVVHFWLRQWKHLQWHUODFHGVWUXFWXUHLVYLVLEOH7KHFROXPQDUJUDLQVJURZSUHGRPLQDQWO\
LQEXLOGXSGLUHFWLRQDQGKDYHWKHOHQJWKRIPD[LPXPRIRQHOD\HUKHLJKW
,Q ILJXUHG WR I FRUUHVSRQGLQJPLFUR VHFWLRQV DUH VKRZQ7KHGHSRVLWHGZHOG LV IUHH RIPDFUR FUDFNV0LFUR
FUDFNVRIDOHQJWKRIXSWRPZHUHGHWHFWHGRQO\LQWKHKRUL]RQWDOVHFWLRQVILJXUHG7KHLUSRVLWLRQLVDOZD\V
RQ WKH ERXQGDULHV RI WKH FROXPQDU JUDLQV )URP WKHLU VKDSH WKH\ DUH UHJDUGHG DV KRW FUDFNV ZLWK D SRVLWLRQ
WUDQVYHUVDOWRWKHIHHGGLUHFWLRQDQGYHUWLFDOO\LQWKHZHOG7KHUHDVRQVIRUWKHRFFXUUHQFHRIKRWFUDFNVDUHDVVXPHG
WREHVPDOO HQHUJ\ LQSXW DQGRU WRRKLJKFRROLQJ UDWH&U\VWDOOLWHV WHQG WRJURZYHUWLFDOO\ VKRZLQJQR LQFOLQDWLRQ
WRZDUGV WKHZHOGLQJGLUHFWLRQDVVKRZQ LQILJXUHH7KHFURVVVHFWLRQDOYLHZDURXQGD IXVLRQ OLQH LVGHSLFWHG LQ
ILJXUHI,Q WKHKHDWDIIHFWHG]RQHQR WUDQVIRUPDWLRQRI WKHVWUXFWXUHRI WKHSUHFHGLQJ OD\HUFDQEHREVHUYHG1R
WUDQVYHUVDOFUDFNVDVZHOODVQRLQWHUGHQGULWLFILVVXUHVZHUHREVHUYHG6LQJOHYRLGVRIDGLDPHWHURIXSWRPDUH
GHWHFWHG

D0DFURVHFWLRQ E+HDWDIIHFWHG]RQHV F:HOGFHQWUHOLQH
)LJ3KRWRJUDSKVRIWKHVHDPDQGPLFURVWUXFWXUHVRIDZHOGHGVSHFLPHQHWFKDQW$GOHU¶VUHDJHQW
+DUGQHVVLQDVZHOGHGVWDWHZDVPHDVXUHGWR+9+5&0DFURKDUGQHVVLVFDOFXODWHGWREH
+9&RPSDUHG WR FDVWPDWHULDO DQ LQFUHDVHRI DSSUR[LPDWHO\+9 +5&2QH UHDVRQV IRU WKH LQFUHDVH LQ
KDUGQHVV LV WKH JUDLQ UHILQHPHQW )URP WKH VROLGLILFDWLRQ UHJLPH VKDSHZHOGLQJ FDQEH UHJDUGHG DVPLFURFDVWLQJ
FKDUDFWHUL]HG E\ D YHU\ ILQH GHQGULWLF VXEVWUXFWXUH LQ WKH FROXPQDU JUDLQV$OVR WKH IRUFHG VROXWLRQ RI DOOR\LQJ
HOHPHQWVHVSHFLDOO\WXQJVWHQDQGFDUERQFDXVHGE\VWURQJVXSHUFRROLQJDUHFDXVHVRIWKHLQFUHDVH
3.2. Welded dissimilar joints 
)URPILJXUHDMRLQWEHWZHHQDFDVWDQGDZURXJKWLVGHSLFWHG7KHFDVWPDWHULDOLVFKDUDFWHUL]HG
E\DUHODWLYHO\FRDUVHGHQGULWLFVWUXFWXUH)LJXUHVKRZVDPDFURVHFWLRQRIDZHOGDORQJZLWKWZRSKRWRJUDSKVRI
WKHPLFURVWUXFWXUHRIWKHKHDWDIIHFWHG]RQHDQGWKHZHOGFHQWUHOLQH7KHZHOGVKRZVDVKDSHW\SLFDOIRU&2ODVHU
EHDPZHOGVOLJKWO\FRQLFDOZLWKDQGRSHQLQJWRZDUGVWKHXSSHUEHDGILJXUHD1RFUDFNVRURWKHUIDLOXUHVZHUH
GHWHFWHG,QILJXUHEDQRYHUYLHZRYHUWKHFRPSOHWHZHOG]RQHLVVKRZQ
 
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
)LJ5HVXOWVRIWKHWHQVLOHWHVWV
7KH PLFURVWUXFWXUH RI  RQ WKH OHIW KDQG VLGH FRQVLVWV RI EORFN\ JUDLQV RU FROXPQDU FU\VWDOOLWHV ZLWK
FHOOXODUGHQGULWLFVXEVWUXFWXUH2QDSSURDFKLQJWKHIXVLRQOLQHQRHIIHFWRI WKHZHOGKHDWRQWKHPLFURVWUXFWXUHLV
YLVLEOH7KHUH LVRQO\DPVLGH]RQHZLWKZHDNHUDWWDFNRI WKHHWFKDQW ,Q WKH IXVHG]RQH WZRHIIHFWEHFRPH
REYLRXV )LUVWO\ WKH VROLGLILFDWLRQ FRQWLQXHV ZLWKLQ WKH ERXQGDULHV RI WKH IRUPHU FROXPQDU FU\VWDOOLWHV XQWLO DQ
DSSUR[LPDWH WKLUG RI WKH VHDP ZLWK LV UHDFKHG 6HFRQGO\ PL[LQJ VWUHDNV VHSDUDWH ]RQHV RI GLIIHUHQW ORFDO DOOR\
FRPSRVLWLRQ,WVHHPVWKDWWKHOHQJWKRIWKHFRQWLQXDWLRQRIWKHFU\VWDOOLWHERXQGDULHVLQWRWKHZHOGGHSHQGVRQWKH
ORFDO FRPSRVLWLRQ $W WKH ZHOG FHQWUH OLQH WKHUH LV QR VHSDUDWLRQ RI WKH GLIIHUHQW PDWHULDOV YLVLEOH LQGLFDWLQJ D
VXIILFLHQWLQWHUPL[LQJRIERWK$SSURDFKLQJWKHRSSRVLWHIXVLRQOLQHD]RQHHQULFKHGZLWKWKHQLFNHOEDVHPDWHULDO
EHFRPHVYLVLEOH7KHUHDUHDOVRVRPHRIWKHWLWDQLXPFDUERQLWULGHVZDVKHGLQWRWKHIXVHG]RQH
7DEOH0HFKDQLFDOSURSHUWLHVDQGIUDFWXUHORFDWLRQRIWKHZHOGV
7HVW
WHPSHUDWXUH
+HDW
WUHDWPHQW 5P03D 5S03D $
)UDFWXUHORFDWLRQ







)
/
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HO
G
FH
QW
UH
OL
QH




)
/




         
 &K        
         
 &K        
$WWKHIXVLRQOLQHDGHQVHOD\HULVYLVLEOHZKLFKFDQQRWGLVVROYHGRSWLFDOO\ZLWKHWFKLQJE\$GOHU¶VUHDJHQW$V
IRUFRPSDULVRQILJXUHDVKRZVWKLVOD\HULVQRWVWDEOHDQGGHSHQGVRQWKHORFDOPL[LQJVLWXDWLRQ2QFURVVLQJWKH
VHFRQGIXVLRQOLQHDVOLJKWJUDLQFRDUVHQLQJLQWKHLQD]RQHRIPZLGWKFDQEHREVHUYHG*UDLQVJURZE\
DSSUR[LPDWHO\ ZLWK UHVSHFW WR WKHPHDQ JUDLQ VL]H RI WKH EDVHPDWHULDO$W WKHZHOG FHQWUH OLQH D GHQGULWLF
VROLGLILFDWLRQVWUXFWXUHLVSUHYDOHQWILJXUHF
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D0DFURVHFWLRQVWVHDP E&UDFNOLQHRSSRVLWHVLGH F0DFURVHFWLRQQGVHDP
)LJ0DFURDQGPLFURVWUXFWXUHVRIIUDFWXUHGVSHFLPHQVZLWKORDGGLUHFWLRQWUDQVYHUVHWREXLOGXS
GLUHFWLRQHWFKDQWSKRVSKRULFDFLG5P 03D5S 03D$ 
7KH KDUGQHVV LQ WKH  DPRXQWV WR DYHUDJH +9 ,Q WKH IXVLRQ ]RQH LWV GLVWULEXWLRQ GHSHQGV RQ WKH
PL[LQJ ZLWK  ,Q ]RQHV ZLWK KLJK DPRXQW RI  D KLJK KDUGQHVV XS WR EDVH PHWDO KDUGQHVV FDQ EH
PHDVXUHG7KHQDVWHHSWUDQVLWLRQWRWKHYDOXHIRURI+9FDQEHREVHUYHG7KHZHOGVDUHIUHHRIFUDFNV
DQGSRURVLW\$OVR WKHPLFURFUDFNVREVHUYHG LQ WKH VKDSHZHOGHGPDWHULDOZHUHQRWREVHUYHG7KLV LQGLFDWHV WKH
RSSRUWXQLW\WRFRQWUROWKHZHOGTXDOLW\HIIHFWLYHO\E\WKHKHDWLQSXW
3.3. Mechanical properties of the weld 
7KHUHVXOWVRIWKHWHQVLOHWHVWVDUHVKRZQLQILJXUH+HUHWKHEOXHEDUVUHSUHVHQWWKHXOWLPDWHWHQVLOHVWUHQJWKWKH
UHGOLQHVWKH\LHOGVWUHQJWKDQGWKHJUH\RQHVWKHHORQJDWLRQWRIUDFWXUH,WLVREYLRXVWKDWWKHVWUHQJWKRIWKHZHOGHG
VSHFLPHQVDUHJUHDWHURUHTXDO WKDQ WKHHLWKHUYDOXHVRI WKHEDVHPDWHULDOV IRUERWK WHVWLQJ WHPSHUDWXUHV$WURRP
WHPSHUDWXUHWHQVLOHVWUHQJWKLVJUHDWHURUHTXDOWKDQ03DVKRZLQJOLWWOHVFDWWHULQJ\LHOGVWUHQJWKDWDERYH
03DIRUQRWKHDWWUHDWHGVSHFLPHQVDQGDERXW03DIRUWKRVHWKDWKDYHXQGHUJRQHKHDWWUHDWPHQW$VWRQLVKLQJO\
WKHIUDFWXUHVWUDLQIRUORDGGLUHFWLRQSDUDOOHOWREXLOGXSGLUHFWLRQVXSHUVHGHVWKHYDOXHVIRUWUDQVYHUVDOWHVWLQJ
$OOVSHFLPHQVWHVWHGDW&EURNHLQWKHIDUIURPWKHZHOG7HQVLOHVWUHQJWKDPRXQWVWRDSSUR[LPDWHO\
03D \LHOG VWUHQJWK WR  WR 03D DW D IUDFWXUH VWUDLQ RI JUHDWHU WKDQ &RPSDUHG WR WKH VWDQGDUG
VSHFLILFDWLRQKLVLVDQLQFUHDVHLQVWUHQJWKRIDQGUHVSHFWLYHO\EXWDORVVRIIUDFWXUHHORQJDWLRQE\DERXW
7KLVORVVLVDWWULEXWHGWRWKHVPDOOJDXJHOHQJWK7DEOHGLVSOD\VWKHPHDQYDOXHVRIWKHPHFKDQLFDOSURSHUWLHV
DORQJZLWKWKHORFDWLRQRIIUDFWXUH
5HJDUGLQJ IUDFWXUH ORFDWLRQ WKHUH LV D GHSHQGHQF\ RQ WKH UHODWLYH DUUDQJHPHQW RI ORDG DQG EXLOGXS GLUHFWLRQ
UHVSHFWLYHO\,VWKHORDGGLUHFWLRQSDUDOOHOWRWKHEXLOGXSGLUHFWLRQWKHGLVWULEXWLRQLVIDLOXUHVLQRURQLWV
IXVLRQ OLQH  LQ  DQG RQH LQ WKH ZHOG FHQWUH OLQH GLVUHJDUGLQJ WKH SRVW ZHOG KHDW WUHDWPHQW )URP WKH
VSHFLPHQV WHVWHG WUDQVYHUVH WR EXLOGXS GLUHFWLRQ IRXU EURNH LQ  RU LWV IXVLRQ OLQH DQG RQH LQ  EDVH
PDWHULDO$SSO\LQJSRVWZHOGKHDWWUHDWPHQWOHGWRDGLVWULEXWLRQRILQDQGDWZHOGFHQWUHOLQH,QDOOFDVHV
DVLJQLILFDQWHORQJDWLRQDQGQHFNLQJRIWKHZDVREVHUYHG
 
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D0DFURVHFWLRQVWVHDP E&UDFNOLQHRSSRVLWHVLGH F0DFURVHFWLRQQGVHDP
)LJ0DFURDQGPLFURVWUXFWXUHVRIIUDFWXUHGVSHFLPHQVZLWKORDGGLUHFWLRQSDUDOOHOWREXLOGXS
GLUHFWLRQHWFKDQWSKRVSKRULFDFLG5P 03D5S 03D$ 
$QHIIHFWRISRVWZHOGKHDWWUHDWPHQWLVRQO\YLVLEOHLQWKHIUDFWXUHVWUDLQV7KHUHVXOWGRQRWVKRZDFOHDUWUHQG
,Q FDVH RI ORDG SDUDOOHO WR EXLOGXS GLUHFWLRQ WKHUH LV D FOHDU GHFUHDVH RI ZKHUH DV WKHUH LV DQ LQVLJQLILFDQW
GLIIHUHQFHLQ WKHWUDQVYHUVHFDVH&KDQJHVLQPLFURVWUXFWXUHDUHQRWH[SHFWHGDW WKHUHODWLYHO\ORZWHPSHUDWXUHRI
&$K\SRWKHWLFDOH[SODQDWLRQPD\EHWKHWKDWIUR]HQLQWHUVWLWLDOVDUHUHOHDVHGE\GLIIXVLRQWRIRUPZHDN]RQH
DQGRUPLFURFUDFNVRQDYHU\VPDOOVFDOHLQWURGXFLQJDVLJQLILFDQWQRWFKHIIHFW
3.4. Fracture analysis 
)LJXUHVDQGVKRZSKRWRJUDSKVRIPDFURFURVVVHFWLRQVLQILJXUHRIIRXUZHOGVLQVSHFLPHQVZLWKGLIIHUHQW
GLUHFWLRQRIEXLOGXS7KHIUDFWXUHWDNHVSODFHLQWKHDQGDSSHDUVWREHEULWWOHZLWKRXWGHIRUPDWLRQ0RVWRI
WKH HORQJDWLRQ LV IRXQG LQ WKH  EDVH PDWHULDO DQG LQ WKH ILUVW ZHOG ZKHUHDV WKH VHFRQG ZHOG UHPDLQV
XQFKDQJHG0HFKDQLFDOSURSHUWLHVKDYHFRPSDUDEOHVPDOOYDOXHVIRU WKLVVSHFLPHQV7KHSURJUHVVLRQRI WKHFUDFN
OLQHLVVOLJKWO\6VKDSHGZLWKDVWHSOLNHLQQHUVWUXFWXUHLQGLFDWLQJODPHOODUWHDULQJDORQJWKHGHQGULWHERXQGDULHV
$PDFURVHFWLRQRIWKHIUDFWXUHGVSHFLPHQORDGHGSDUDOOHOWRWKHGLUHFWLRQRIEXLOGXSLVVKRZQLQILJXUH$OVR
KHUHWKHPDMRUVKDUHRIWKHSODVWLFGHIRUPDWLRQLVIRXQGLQWKHEDVHPDWHULDODOHVVHUSDUWLQWKHZHOGVHDPV
7KH IUDFWXUH RFFXUV LQ WKH  EDVHPDWHULDO DW YHU\ ORZ GHIRUPDWLRQ 7KH OHIW HGJH RI WKH FUDFN DSSHDUV DV
VWUDLJKWDQDOPRVWRUWKRJRQDOWRWKHVXUIDFHZKHUHDVWKHULJKWHGJHVKRZVVRPHFXUYDWXUHLQGLFDWLQJFKDQJLQJHODVWLF
SURSHUWLHVRYHUWKHWKLFNQHVV
7KH6(0LPDJHVVKRZQLQILJXUHJLYHGHHSHULQVLJKWLQWKHFUDFNLQJEHKDYLRXU3DUWVDDQGEVKRZWKHIUDFWXUH
VXUIDFH RI D EURNHQ VSHFLPHQ VXEMHFWHG WR ORDG SDUDOOHO WR EXLOGXS GLUHFWLRQ ZLWK DQG ZLWKRXW SRVW ZHOG KHDW
WUHDWPHQW%RWK VKRZSUHGRPLQDQW LQWHUGHQWULWLF IUDFWXUH:LWKRXWKHDW WUHDWPHQW WKHFUDFN VXUIDFHKDVD URRIWLOH
VWUXFWXUHZLWKVKHDUFUDFNLQJDFURVVWKHGHQGULWHV,QWKHIUDFWXUHVXUIDFHRIDKHDWWUHDWHGVSHFLPHQILJXUHEVRPH
PLFURFUDFNDSSHDURSHQHGE\WKHWHQVLOHIRUFHV$VWKH\ZHUHQRWIRXQGLQWKHQRWKHDWWUHDWHGVSHFLPHQVWKLVIDFW
VXSSRUWVWKHK\SRWKHVLVRQVHJUHJDWLRQE\WKHSRVWZHOGKHDWWUHDWPHQW




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D3DUDOOHOWREXLOGXSGLUHFWLRQ E3DUDOOHOWREXLOGXSGLUHFWLRQ3:+7
F7UDQVYHUVHEXLOGXSGLUHFWLRQ G7UDQVYHUVHEXLOGXSGLUHFWLRQ3:+7
)LJ6(0LPDJHVIURPIUDFWRJUDSK\
)LJXUHFVKRZVDQLQWHUGHQGULWLFIUDFWXUHDQGDSDUWLDOVKHDUIUDFWXUHDORQJDERXQGDU\RIDFROXPQDUFU\VWDOOLWH
DW WKHFHQWUHRI WKHSKRWRJUDSK7KHUHDUHDIHZPLFURFUDFNVRID OHQJWKEHWZHHQDQGP$OVR LQILJXUHG
WKHVHFUDFNVDUHYLVLEOHEXWDOVRVRPHFUDFNIDFHVEHFRPHYLVLEOH7KHLUOHQJWKUDQJHVEHWZHHQDQGP7KH\
EHFDPH PRUH YLVLEOH XSRQ RSHQLQJ E\ WKH WHQVLOH IRUFH 7KH URRIWLOH VWUXFWXUH FDQQRW EH REVHUYHG LQ WKHVH
IUDFWRJUDSKV
'LVFXVVLRQ
7KHUHVXOWVJLYHULVHWRIXUWKHUVWXGLHV(VSHFLDOO\WKHPHFKDQLVPVRIKRWFUDFNLQJGHVHUYHVDGHWDLOHGDWWHQWLRQ
)URPWKLVDSURSHUKHDWFRQWUROIRUVKDSHZHOGLQJRIFDQEHGHYHORSHG&KHPLFDODQDO\VLVRIWKHZHOGPHWDO
VKRXOGGHOLYHULQIRUPDWLRQRQWKHORFDOSKDVHFRPSRVLWLRQLQWKHZHOGDQGWKHUHODWHGORFDOSURSHUWLHV
,Q RUGHU WR SURGXFH FUDFNIUHH PDWHULDO E\ ODVHU PHWDO GHSRVLWLRQ WKH HIIHFWV RI VXSHUFRROLQJ RQWR WKH
PHWDOOXUJLFDOSURFHVVHVDQDGRSWHGLQOLQHKHDWWUHDWPHQWLVUHTXLUHG7KLVZLOODOVRLPSURYHVWUHQJWKDQGWRXJKQHVV
DQGDOORZVLQIRUPDWLRQDERXWWKHDQLVRWURS\RIWKHPDWHULDOV$OVRWKHKHDWHIIHFWRIZHOGLQJKDVWREHKLJKOLJKWHGLQ
PRUHGHWDLO7KLVZRXOGKHOSWRXQGHUVWDQGWKHPHFKDQLFDOEHKDYLRXULQWKHKHDWDIIHFWHG]RQHVDVZHOODVWKHHIIHFW
RIPL[LQJRIWKHERWKSDUWQHUPDWHULDOV
(VSHFLDOO\ZHOGLQJRIUHTXLUHVWKRURXJKKHDWFRQWURO+HDWLQSXWLQWHUSDVVWHPSHUDWXUHDQGFRROLQJUDWH
KDYH WREH VSHFLILHGDQGVXUYHLOOHG7KH WHVWVRQVKDSHZHOGLQJE\ ODVHUPHWDOGHSRVLWLRQ OHG WR WUDQVYHUVHPLFUR
FUDFNV SRVLWLRQHG YHUWLFDOO\ LQ WKH VLQJOH SDVVHV %\ WKH VKDSH WKH\ DUH LGHQWLILHG DV KRW FUDFNV FDXVHG E\ UDSLG
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VROLGLILFDWLRQ DQG DPSOLILHGE\ D VPDOO VROLGLILFDWLRQ LQWHUYDO  WR. DQG VXEVWDQWLDO VXSHUFRROLQJ7KHZHOG
VHDPVJHQHUDWHGE\ ODVHUEHDPZHOGLQJZHUH IUHHRIFUDFNVFDXVHGE\ LQWHUPL[LQJZLWK WKHPDWHULDO LQD
VHQVHRIGLOXWLQJWKHFDUERQDVZHOODVE\DOHVVHUFRROLQJUDWHFRPSDUHGWR/0'
7KHSUHVHQFHRI WKHPLFUR FUDFNV LV WKH UHDVRQ IRU WKH VXUSULVLQJ ILQGLQJ WKDW WKH VWUHQJWKSDUDOOHO WREXLOGXS
GLUHFWLRQ DW OHDVW HTXDOV WKDW LQ SHUSHQGLFXODU GLUHFWLRQ0LFUR FUDFNVZHUH UHYHDOHG LQ IUDFWRJUDSKV +HQFH WKH
HIIHFWRIDQLVRWURS\E\WKHOD\HUHGVWUXFWXUHFRXOGQRWEHGHPRQVWUDWHG7KHUHDUHDOVRVLJQVRIVHFRQGDU\FUDFNLQJ
RQSRVWZHOGKHDW WUHDWPHQW7KHHIIHFWRI WKHGLIIHUHQWKHDW WUHDWPHQWVWDJHVLVQRW\HWFOHDU$OWKRXJKDOOVKDSH
ZHOGHGVSHFLPHQVZHUHWUHDWHGDW&WKHWHQVLOHSURSHUWLHVFKDQJHRQO\RQDGGLWLRQDOKHDWWUHDWPHQWDW&
$VWKHIDLOXUHGRHVQRWRFFXURQO\LQWKHKHDWDIIHFWHG]RQHRIWKHZHOGDGGLWLRQDOHIIHFWVKDYHWREHFRQVLGHUHG$
VWXG\LQWKHPLFURPHWDOOXUJ\RIVKDSHZHOGHGLVWKXVGHVLUHGWRDWWDLQDGHHSHULQVLJKWLQWRWKHXQGHUO\LQJ
PHFKDQLVPV
7KH ZHOG PHWDO LV FKDUDFWHUL]HG E\ PL[LQJ VWUHDNV OHDGLQJ WR DQ LQKRPRJHQHRXV GLVWULEXWLRQ RI DOOR\LQJ
HOHPHQWV,QVRPHVSHFLPHQVZKHUHIUDFWXUHRULJLQDWHGDWWKHZHOGFHQWUHOLQHRUIXOOIUDFWXUHRFFXUUHGWKHUH)UHH
FDUERQVXSSOLHGE\WKHFDQIRUPJUDSKLWHRUFKURPLXPFDUELGHVZKLFKSURYLGHDORFDOZHDNHQLQJRIWKHZHOG
PDWHULDO]RQHVE\ORZVWUHQJWKRUQRWFKHIIHFWV
$GGLWLRQDOGHWHULRUDWLRQLVH[SHFWHGWKURXJKWKHHIIHFWVRIR[\JHQQLWURJHQDQGK\GURJHQDVZHOODVE\R[LGHV
GLOXWHGLQWKHGHSRVLWHGPDWHULDO,WLVH[SHFWHGWKDWWKHLUSUHVHQFHZLOOOHDGWRPRUHHPEULWWOHPHQWDQGFUDFNLQJ$
VSHFLILFLQYHVWLJDWLRQRQWKLVLVUHTXLUHG
&RQFOXVLRQV
$QRYHUYLHZRYHUWKHUHVXOWVRIDILUVWVWXG\RQODVHUEHDPZHOGLQJRI6WHOOLWHVKDSHZHOGHGE\ODVHU
PHWDO GHSRVLWLRQ WR ZURXJKW  1LPRQLF  ZDV JLYHQ ,Q JHQHUDO WKH ZHOGLQJ VXLWDELOLW\ RI WKLV VSHFLDO
GLVVLPLODUMRLQWLQERWKFDVWDQGODVHUVKDSHZHOGHGFRQGLWLRQZDVGHPRQVWUDWHG7KHWHQVLOHVWUHQJWKRIWKHZHOGHG
MRLQWVDPRXQWVWR03DDQGPRUHGLVUHJDUGLQJWKHORDGGLUHFWLRQUHODWLYHWRWKHEXLOGXSGLUHFWLRQ<LHOGVWUHQJWK
UDQJHVIURPWR03D)UDFWXUHVWUDLQVUDQJHIURPWRGHSHQGLQJRQRULHQWDWLRQDQGKHDWWUHDWPHQW
7KHHTXDOOHYHORIWHQVLOHDQG\LHOGVWUHQJWKRIWKHVSHFLPHQVWHVWHGWUDQVYHUVDOO\WREXLOGXSGLUHFWLRQDVZHOODVWKH
IUDFWXUHORFDWLRQLQGLFDWHWKHSUHVHQFHRIPLFURFUDFNVLQWKHPDWHULDOSURGXFHGE\/0')RUDFUDFNIUHHVSHFLPHQ
LWLVH[SHFWHGWKDWWKHWUDQVYHUVHVWUHQJWKVXSHUVHGHVWKHRQHLQSDUDOOHOGLUHFWLRQ)UDFWXUHRFFXUVLQWKHPDMRULW\RI
FDVHV LQ WKHDQGWRDOHVVHUGHJUHHLQ WKHZHOGFHQWUH OLQHDQGLQWKH7KHUHVXOWVJLYHULVH WRPRUH
GHWDLOHGVWXGLHVIRUWKHLPSURYHPHQWRIWKHPHFKDQLFDOSURSHUWLHVDQGWKHLUKRPRJHQL]DWLRQ
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